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 5 
1 Introduction 6 
The aim of this application note is to introduce the readers to the monitoring concepts and 7 
provide them information on voltage disturbance monitoring that will help them select the 8 
most suitable type of monitor required for the intended application. This report is focused on 9 
power quality instruments as opposed to measurement methods, which are described in 10 
alternative application notes of the LPQI Guide.  11 
There are different types of monitoring instruments, such as general purpose instruments, data 12 
loggers, disturbance capturing, flicker meters, harmonic analyzers etc. In general, we can 13 
divide instruments in two classes: general purpose instruments and instruments for a specific 14 
disturbance analysis, such as instruments for voltage transient analysis. In order to choose the 15 
right monitoring instrument, a general overview on the most common features will be given in 16 
this application note. 17 
 18 
In order to manage a monitoring project, five significant questions will arise: 19 
• Why measure? (What kind of objectives we have?) 20 
• What kind of power quality parameter do we want to measure? 21 
• Where should the measurement equipment be located? 22 
• How should the measurement be carried out? 23 
• What kind of equipment should be used for the measurement? 24 
 25 
One important part of this application note treats the functions and features that are offered by 26 
modern power quality monitors which should help the user in the understanding and 27 
awareness of the functions and terms that are common to power quality monitors.  28 
Mainly, we want to help the reader to choose the right measurement equipment and method 29 
for the intended application. Nevertheless, it is very important to understand the nature of the 30 
power quality problems to be able to analyze and solve the power quality problem.  31 
Finally, a short introduction to the interpretation of monitoring results and the integration of 32 
the monitor in monitoring systems will be given. 33 
 34 
2 Power Quality Monitoring 35 
2.1 Monitoring Objectives (Why measure?) 36 
The broadly used term Power Quality, includes all aspects of power supply that impact 37 
individual customers, whereas the term voltage quality refers to any variation of voltage 38 
waveform resulting in misoperation or failure of customer equipment. 39 
In general, power quality monitoring is used to identify electromagnetic phenomena at a 40 
particular location on an electric power circuit or installation. There are several reasons to 41 
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monitor power quality. The most important reason is the economic damage, produced by 42 
electromagnetic phenomena in critical process loads. Effects on equipment and process 43 
operations can include misoperation, damage, process disruption and other anomalies [1]. The 44 
costs incurred by poor power quality can be distinguished according to the following factors: 45 
 46 
• costs of product damage due to the process interruption of continuous or batched 47 
production; 48 
• costs of equipment damage and equipment lifetime reduction 49 
• costs of downtime production losses;  50 
• costs of process restarting, including start up costs;  51 
• and costs of lost opportunity in time-critical and just-in-time production. 52 
 53 
Monitoring can help to identify power quality problems, minimise losses in the production 54 
process and increase plant productivity and efficiency. Monitoring is an essential component 55 
of the customer care process for this business. 56 
 57 
The objectives of monitoring determine the choice of measurement equipment, the triggering 58 
thresholds, the methods for collecting data, the data storage and analysis requirements, and 59 
the overall level of effort required [2]. We have identified several general classifications for 60 
monitoring objectives, which we are classifying in two groups: The utility objectives and 61 
engineering or consulting objectives. The former is used by the utilities for planning, legal or 62 
contractual questions. The latter is used to identify power quality problems on plant site to 63 
mitigate those problems. Some classifications are listed below [2], [3], [4]:  64 
 65 
Utility objectives: 66 
• Monitoring to characterise system performance. This is the most general requirement. A 67 
utility may find this objective important if it has the need to understand its system 68 
performance and then be able to match that system performance with the needs of 69 
customers. 70 
• Priorities for system improvements. Utilities traditionally prioritise capital expenditures 71 
and system maintenance based on solving system problems and handling system growth. 72 
These expenditures are also related to maintaining an acceptable level of reliability. 73 
Understanding the impacts of power quality variations on the customer’s reliability 74 
requires monitoring. 75 
• Monitoring as part of an enhanced power quality service. Many utilities are currently 76 
considering additional services to offer customers.  77 
• Legal obligations. In the new context of open electricity markets it is necessary to report 78 
to external parties (regulators, etc.) about the power quality performance of the system. 79 
Utilities use also monitoring in their customer relationship in order to respond to domestic 80 
and industrial customer complaints about PQ related incidents.   81 
• Determine effectiveness of system maintenance activities and power conditioning 82 
technologies. For utilities, monitoring can help determine the effectiveness of measures 83 
such as tree trimming and expansion of the distribution system. 84 
 85 
Engineering objectives: 86 
• Monitoring to characterise specific problems. Many power quality service departments or 87 
plant managers solve problems by performing short-term monitoring of specific customers 88 
or of difficult loads [4]. 89 
• Identification of problem conditions. Monitoring can identify problems with customer 90 
power systems before they cause equipment misoperation or failures and customer 91 
complaints. 92 
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• Determine effectiveness of system maintenance activities and power conditioning 93 
technologies. For customers, monitoring can verify the performance of ride through 94 
measures such as UPS systems and backup generation or power conditioning technologies 95 
such as harmonic filters. 96 
• Development of preventive maintenance systems. We can find a new application for 97 
power quality monitoring in those systems that measure real-time conditions in order to 98 
identify problems before they occur. These systems can save time and money and provide 99 
improved reliability for the overall system. Preventive maintenance systems can be used 100 
to 101 
• Identify source and frequency of events 102 
• Establish precise location and timing of events 103 
• Develop maintenance schedules based on power quality trends 104 
• Identify power quality problems by the operational history 105 
 106 
Benefits of a power quality monitoring:  107 
Monitoring requires an investment in equipment, time and education. In many cases 108 
management, production and plant engineers must be sufficiently convinced of the benefits of 109 
monitoring. Monitoring is an essential analysing tool in order to improve the availability of 110 
power. The investment in monitoring can be justified by the increased availability due to the 111 
following action: 112 
• Preventive and predictive maintenance 113 
• Determining the need for mitigation equipment 114 
• Ensuring equipment performance 115 
• Sensitivity assessment of process equipment to disturbances 116 
2.2 Power Quality Parameters (What to measure?) 117 
Power quality includes a wide variety of conditions on the power system. The important 118 
disturbances can vary in duration from very high frequency impulses (lightning strokes), to 119 
long-term overvoltages and interruptions. The IEC 61000-4-30 is part of the standard IEC 120 
61000 concerning electromagnetic compatibility and defines the power quality parameters for 121 
measurement in 50 Hz systems. The power quality parameters used in the IEC 61000-4-30 are 122 
[5]: 123 
 124 
• Magnitude of the supply voltage 125 
• Supply voltage dips and swells, voltage interruptions 126 
• Rapid voltage changes 127 
• Supply voltage unbalance 128 
• Transient voltages 129 
• Mains signalling on the supply voltage1 130 
• Power frequency 131 
• Voltage and current harmonics and interharmonics 132 
• Flicker 133 
 134 
The European standard EN 50160 also presents set parameters that define the quality of the 135 
power supply customers and establish limits of variations of these parameters.  136 
                                                
1 The aim of the measurement of mains signalling is to verify the level of signal voltage on 
the supply voltage. Mains signalling frequencies are signal frequencies between harmonics for 
control and communication purpose.  
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What kind of parameter you need to monitor depends on the monitoring objectives. Clear and 137 
well defined objectives will help to select the specific resources (monitors, personnel, etc.) 138 
and the level of analysis for the parameter that must be obtained to perform the survey. Once 139 
specific parameters have been defined, the monitoring characteristics should be defined: 140 
• Number of input channels to monitor. In this step it should be decided how many 141 
channel are needed. In some case, were we only voltage disturbances are recorded, it 142 
is recommended to measure also the current in order to identify if the disturbance is 143 
cause by the external grid or by the load itself.  144 
• Monitoring period. The period of the measurement should be defined, depending on 145 
the type of the expected disturbance and the number of their occurrence. 146 
• Measuring method. Depending on the parameter to measure, the measuring method 147 
changes between RMS measurements, waveform display, transients measurement, etc. 148 
• Threshold setting. The amount and details of the captured power quality information is 149 
depending on the thresholds. If the limits are to low, the instrument collects too much 150 
data and runs out of the memory. If the limit is set to high, the monitor may not record 151 
any significant events. Therefore, the threshold should be chosen very carefully. 152 
• Kind of analysis. In some cases, a specific analysis is required, e.g. harmonic analysis, 153 
voltage dip plot, etc. 154 
• Mode of analysis: Some instruments permit a analysis by using build in features, 155 
others perform the analysis a software via PC.  156 
 157 
For example in the case of dips the recording of rms and wave shape enables the user to make 158 
diagnostics of the kind of failure and solution for the problem. In this case, 3 or 4 input 159 
channels are needed for the voltage measurement, the current measurement is required, when 160 
the location of the disturbance should be determined, the monitor period should be longer than 161 
a month or permanent, there is no harmonic analysis necessary, thresholds are typically in the 162 
range 85 % to 90 % of the fixed voltage reference and the recording of transient voltage (high 163 
frequency voltages should be recorded with high sampling rates) is not needed.  164 
2.3 Monitor placement (Where to measure?) 165 
Power quality monitoring can be very expensive when a high number of monitors in required. 166 
It is very important, therefore, to select carefully the monitoring locations based on the 167 
monitoring objectives to minimize the involved costs. For example, for trouble shooting 168 
applications, the monitor should be placed as near as possible to the sensitive load. On the 169 
other hand, for an overall power quality monitoring, the monitor is located at the power 170 
entrance. Often, the monitor placement is limited by the access to the power lead, especially 171 
for current metering. 172 
2.4 Organisation of Measurements (How to measure?) 173 
2.4.1 Input Channels 174 
The voltage sensing leads and current transformers are connected to the main analogue inputs 175 
called channels. Therefore, the number of channels on the power quality monitor determines 176 
how many voltages and currents can be monitored. A voltage input channel has two terminals 177 
which are normally insulated from earth. This allows the user to configure the instrument for 178 
phase or line voltage sensing. In some instruments the configuration of star or delta voltage 179 
sensing in a 3-phase measurement can be changed by software. 180 
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2.4.2 Measurement Chain 181 
The measurement chain stated by the IEC [5] is shown in Figure 1. We can find three 182 
elements of power quality measurement, namely the measurement transducer, the 183 
measurement unit and the evaluation unit.  184 
The first is used to adapt the electrical input signal for the measurement unit, for example: to 185 
step down the voltage, to isolate the input circuits or to transmit the signals over a distance. 186 
Two important considerations when using transducers are the signal level in relation to the 187 
full scale of the monitor and the frequency and phase response.  188 
The measuring unit realises the measurement of the input signal and provides the 189 
measurement results to the evaluation unit, which processes them to obtain the measurement 190 
evaluation. A measurement evaluation can be, for example, the FFT for the harmonic or 191 














Figure 1: Measurement chain [5] 206 
2.4.3 Measurement Method 207 
The first step of voltage disturbance monitoring is to obtain samples of voltage waveforms, 208 
typically for three phases. It is necessary that the sampling rate and the resolution of the signal 209 
are adequate to record the disturbance. Due to the fact that the monitor also is used to obtain 210 
the harmonic spectrum, typical samples per cycle2 are 128 or 256 [6], [7]. 211 
 212 
RMS Measurement 213 
In order to calculate the magnitude of the supply voltage the rms value is calculated based on 214 
the sampled values over a specified period. For the measurement of a voltage dip and swell 215 
the Urms(1/2) shall be used on each measurement channel, where Urms(1/2) is defined as “the 216 
value of the rms voltage measured over one cycle and refreshed each half cycle”[5].  217 
 218 
Transients Measurement 219 
Voltage transients are by nature fast varying signals and a wide range of waveforms, 220 
amplitudes and durations. Transients can be classified into two categories, namely impulsive 221 
transients and oscillatory transients. These terms reflect the wave shape of a current or voltage 222 
transient. Obtaining their signatures allows classifying them into a few typical waveforms. 223 
The requirements for the data acquisition of transients are higher than for the RMS 224 
measurement. Common sources of transients include: 225 
• Lightning 226 
• Capacitor bank switching 227 
• Large variable speed drives 228 
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• Electrostatic discharges 229 
• Faulty wiring  230 
 231 
The frequency spectrum of transients, for example, a.c. main transients can have frequencies 232 
up to 10 MHz (100 ns rising time) and up to 1 MHz for large amplitude. The sampling rate 233 
must be at least twice the maximum frequency of the measured signal to record the original 234 
waveform. For example, a sampling rate of 8 kHz (160 samples per cycles) captures transients 235 
and impulses down to 130 µs. 236 
2.5 Monitor equipment (What kind of equipment?) 237 
The evolution in the last years of power measurement instrumentation has given rise to lower 238 
cost multifunction instruments capable of simultaneously measuring power quality, 239 
harmonics, and energy consumption. A significant trend is to integrate the advantages of 240 
personal computers with instrumentation leading to increased automation in the collection of 241 
data. The latest generation of power monitors, may for example, store recorded data on an 242 
internal disk drive, or in a database format for downloading to a PC. Software operating in the 243 
Windows environment allows users to manipulate and use the recorded data more efficiently. 244 
An overview of the common instrument features of modern monitors will be given in the next 245 
chapter.  246 
The instrument can be separated into two main types: power quality monitor and power 247 
quality analyzer. Power quality monitors are instruments equipped with memory and the 248 
ability to record power quality parameters over some period of time by triggers. Modern 249 
monitors can self adjust thresholds to capture the most relevant events and also ignore non-250 
relevant events. On the other hand, power quality analyzers are instruments that measure and 251 
analyze real time data, sometimes only harmonics. The analyzing results will not be stored.  252 
Another very important aspect in choosing the right instrument is the nature of the power 253 
quality parameter being metered. For example, the measurement of transient needs a high 254 
sampling rate whereas the rms measuring is sufficient with 128 samples per cycle. 255 
Special attention should be given to the difference of sampling rate, resolution and accuracy 256 
of the instrument. The sampling rate defines the rate at which the input channels will be 257 
sampled and it is stated in samples per cycle or samples per second. In many cases the 258 
sampling rate is given over all channels. Consequently bandwidth per channel will be reduced 259 
(i.e. a 4 channel instrument will have the maximum sampling rate of ¼ of the total sampling 260 
rate when all 4 channels are used). Furthermore exists the aliasing problem which is the 261 
distortion caused by sampling a signal at an inappropriate rate. It can be avoided by applying 262 
an anti-aliasing filter limiting the bandwidth of the signal to half the sample frequency. 263 
Measurement of harmonics also require a high sampling rate, which is achieved by using 10 264 
cycles in order to do FFT calculation. To remove possible errors due to power system 265 
frequency variations, PLL (Phase Locked Loop) is used to keep the sampling frequency 266 
locked at the fundamental signal frequency. 267 
The resolution of an instrument is the number of binary bits used in the analogue digital 268 
conversion process and it measures the detail with which the sampled data is processed. The 269 
larger the number of bits the finer the resolution with which the sampled data is captured.  270 
Finally, the accuracy is defined by the error of the measurement of the power quality 271 
instrument. Obviously, the better the accuracy the more accurate are the measurement results.  272 
 273 
2.6 Installation Safety 274 
Because power quality monitoring is connected to the electrical installation, the safety of site 275 
personal has the utmost importance. In order to connect the monitor, the manufacturer’s 276 
instructions have to be followed and the integrity of the monitored circuit must be respected. 277 
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It is very important that the monitor is installed according to the local electrical code and that 278 
grounding, correct monitor placement, guarding live parts and overcorrect protection should 279 
be considered. 280 
3 Measurement Instruments Features 281 
In the last years a huge number of power quality monitoring instruments have appeared on the 282 
market with specialised features for disturbance and power quality monitoring. These 283 
instruments’ features can vary from one instrument to another, so we will give in the 284 
following chapter an overview over the features and functions of power quality monitors. 285 
3.1 General Features 286 
The following list describes the general features of power quality monitoring instruments [8]. 287 
 288 
• Enclosure options: handheld, portable and fixed. The choice of the enclosure 289 
option depends on the user’s requirement. The handheld and portable options are 290 
more dedicated for engineering and trouble shooting applications. The fixed install 291 
option is more used by utilities, industrial plants and equipments that are integrated 292 
in a power quality monitoring system. 293 
• Enclosure protections. The environmental limits for the power quality monitors 294 
are usually specified by the manufacturers. The IP (Ingress Protection) rating also 295 
must be specified by the manufactures, instruments could have the similar NEMA 296 
rating too. 297 
• Power supply. The power supply of a power quality monitor is also an important 298 
consideration. Supply voltage and frequency, battery back up during power failure 299 
or separately supply should be checked. 300 
• Memory. The memory options for the recorded events can be hard disks, floppy 301 
disks, internal RAM and PCMCIA memory cards. In case of equipment 302 
malfunction, the stored data should not be damaged. 303 
• User interface. The instrument – user communication is usually realised by built in 304 
displays, external viewing devices or personal computers. The user – instrument 305 
communication is done by keypads, keyboards or by a personal computer. The 306 
personal computer options require a connection interface from the instrument to 307 
the personal computer. Many instruments allow remote monitor operation and 308 
real-time displaying of the signals. 309 
• Software and data analysis tools. The software and data analysis tools supplied 310 
with most power monitors have a variety of functions and data manipulating 311 
abilities. 312 
• Printer. The printer can be installed internal, directly connectable or connectable 313 
by a personal computer. 314 
• Accessories. Leads, probes, sensors, current clamps, frames, handles and carrying 315 
cases are typical accessories supplied by the manufacturer. 316 
• Warranty. Manufacturer or supplier may provide a warranty for a year or more. 317 
• Update ability. The update ability of software and hardware (optional modules or 318 
cards) can be important for the purchase of the monitor. 319 
• Maintenance and calibration. Power quality monitor requires periodic 320 
maintenance and calibration. This is an important factor for the life time costs of 321 
monitoring and should be considered. 322 
• Accuracy. The accuracy of a power quality monitor is specified by the 323 
manufacturer  324 
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• Resolution. The resolution of an instrument is a measure of the detail of the digital 325 
sampled data after the analogue digital converting process and it is represented in 326 
bits. The larger the number of bits the finer the resolution with which the sampled 327 
data is captured. 328 
• Sampling rate. It defines the rate at which the input channels are sampled and 329 
should state in samples per cycle. For detecting transients, high sampling rates in 330 
the MHz are necessary. 331 
• Voltage withstand. Manufacturers may specify the voltage withstand of the 332 
monitor and the complied standards. 333 
3.2 Signal Input/Output 334 
The following list describes the signal input and output interface of power quality monitoring 335 
instruments [8]. 336 
• Input channels. The input channels are the main analogue inputs to which the 337 
voltage current transducers are connected. 338 
• Analogue inputs/outputs. Analogue inputs can, for example, monitor additional 339 
parameters and analogue outputs are used, for example, for signals to other 340 
monitors. 341 
• Digital inputs/outputs. This type of inputs and outputs is mainly used to trigger 342 
other monitors. 343 
• Communication and networks. Internal and external modems via RS232, Ethernet 344 
and direct PC connection (USB, RS232, RS485, and Infrared) are provided with 345 
the monitor instrument. Many instrument manufacturers allow the user to 346 
download information or operate the monitor via internet. 347 
3.3 Functions 348 
The following list describes the functions of power quality monitoring instruments [8]. 349 
• Data capture by present thresholds. Parameters to be measured are usually 350 
captured when the disturbance exceeds a present threshold (event logging) or at 351 
repeated set time intervals. The thresholds and time intervals are set up by the user. 352 
By event logging, the captured waveform is usually logged one or more cycles 353 
before and after the event to provide a full picture of the event. 354 
• Data capture by self adjusting thresholds. The monitor can set its own thresholds 355 
by an established steady state norm. This method allows the detection of small 356 
derivations and trends. 357 
• External triggered data capture. Many monitors provide the feature to be triggered 358 
externally. 359 
• Manual data capture. For a snapshot of the present situation many monitors 360 
provide a manual trigger function. 361 
• Data logging and time interval recording. With data logging the parameters are 362 
continuously monitored and can be captured at set time intervals, established by 363 
the user. 364 
• Waveform capture. Some power quality monitors have the ability to capture 365 
waveforms (mainly voltage and current). These captured waveforms can de viewed 366 
by built in displays or can be downloaded to the PC. Often the instruments are 367 
providing functions such as harmonic analysis and wave form analysis. 368 
• Time synchronisation. Some power quality monitors have the option of time 369 
synchronisation by an external time signal or a radio signal. 370 
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3.4 Firmware 371 
Some meter manufacturers periodically provide new releases of monitor firmware. Firmware 372 
releases, typically provided free of charge by manufacturers, are sometimes used to correct 373 
errors in the metering algorithms or to enhance the existing feature set of your meter without 374 
purchasing new hardware. 375 
4 Postprocessing Monitoring Results 376 
4.1 Interpreting Monitoring Results 377 
Analyzing power quality data is a complex process and maybe the most critical part of the 378 
process of power monitoring. The investigator should have enough knowledge and skills to 379 
produce a solution from the available data. Through there is no standard solution for 380 
interpreting monitoring results, the following guide should be a brief example of a 381 
methodology for interpreting monitoring results. 382 
Interpreting power quality reports starts with the interpreting of data summaries, which 383 
provide the information of what data needs to be examined more closely. We should be able 384 
to identify the critical events, which can contain more than one disturbance, for example 385 
during a short interruption the monitor can also report transients, dips or swells. Once the 386 
critical data events have been determined, the events should be checked on their reality. 387 
During a dip, swell or interruption, the measurement algorithm for other parameters can 388 
produce an inaccurate value. Therefore flagging should be used to indicate to the user that an 389 
aggregated value might be unreliable. This concept is only used for dips, swells and 390 
interruption measurement, and therefore, it depends on the thresholds set up by the user.  391 
Subsequently, the interpreting of the critical events can be started. The possible causes can be 392 
deduced by the analysis of signature and waveshape, high frequency analysis, harmonic 393 
analysis and dip/swell analysis. There is plentiful literature on this topic that provides 394 
solutions for the most common power quality problems [1], [9], [10]. 395 
4.2 Data Collection and Monitoring Systems 396 
Instruments used for permanent monitoring are able to communicate through network cards or 397 
modems with a centralized monitoring system, which controls the monitor and downloads the 398 
recorded data from the monitor [11]. These systems are normally used for fixed installed 399 
monitors from utilities in order to process the vast amount of data proceeding from 400 
monitoring. 401 
The core of any centralized monitoring system is a database, which stores the acquired power 402 
quality data. A communication process collects the data from the monitors and stores them 403 
into the database. The user interface is carried out by a reporting system, which can 404 
automatically generate disturbance reports, inform the user (customer or utility) by means of 405 
Web-based Internet applications or transfer data to other information systems (SCADA,ERP, 406 
etc.). 407 
4.3 Software and data analysis tools 408 
Most power quality monitor manufactures provide a software and data analysis tool, usually 409 
Windows based. The following list gives an overview of these functions. 410 
• Download of captured data. It is one of the most important features. Due to the 411 
limited memory of the monitors the data should be downloaded periodically to a 412 
personal computer to conserve data this over a long period. 413 
• Setting up the instrument for monitoring 414 
• Display of data and waveforms (some instruments display real-time values) 415 
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• Correlating and categorising (for example event type, magnitude and duration are 416 
automatically classified according to EN 50160 or IEEE 1159 standards) 417 
• Detection of trends for predictive maintenance 418 
• Plotting the captured data against ANSI/CBEMA/ITIC plots (ITIC replaced 419 
CBEMA plots, older monitors can have the CBEMA plot option)  420 
• Providing customised alarms and triggers 421 
• Producing automatic reports 422 
• Printing the data/waveforms 423 
• Post processing the captured data 424 
• Analysing threshold levels 425 
 426 
4.4 Power quality data interchange format (PQDIF)  427 
In many cases new monitoring instruments are placed alongside legacy equipment, there is a 428 
strong interest in data formats that enable different types of instruments to work together. 429 
Currently, most software programs for downloading and analyzing data are incompatible with 430 
other instruments, hence making comprehensive analysis difficult or impossible. In response 431 
to this, EPRI developed the PQDIF, which allows engineers to incorporate a wider range of 432 
instruments into their overall systems. Nowadays, several manufacturers have adopted the 433 
PQDIF. 434 
5 Summary 435 
After answering the five significant questions put forth in this paper the reader should be able 436 
to select the most suitable type of disturbance monitor required for the intended application. 437 
However, it is recommended that the reader contact the suppliers or manufactures to obtain 438 
detailed information on products they are interested in before making a decision on a specific 439 
monitor. Moreover, it is also recommended to study the related standards and more detailed 440 
literature on this subject. 441 
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